ABSTRACT: Planning occurs from day-to-day, small-scale decisions to large-scale infrastructure investment decisions. For that reason, various attempts have been made to appropriately assist decision-making process and its optimization. Lately, initiation of a large amount of data, also known as big data has received great attention from diverse disciplines because of versatility and adoptability in its use and possibility to generate new information. Accordingly, implementation of big data and other information management systems, such as geographic information systems (GIS) and building information modeling (BIM) have received enough attention to establish each of its own profession and other associated activities. In this extent, this study illustrates a series of big data implementation cases that can provide a lesson to urban planning domain. In specific, case studies analyze how data was used to extract the most optimized solution and what aspects could be helpful in relation to planning decisions. Also, important notions about GIS and its application in various urban cases are examined.
Introduction
Planning occurs from day-to-day, small-scale decisions to large-scale infrastructure investment decisions. For that reason, various attempts have been made to appropriately assist decision-making process and its optimization. Lately, initiation of a large amount of data, also known as big data has received great attention from diverse disciplines because of versatility and adoptability in its use and possibility to generate new information. Accordingly, implementation of big data and other information management systems, such as geographic information systems (GIS) and building information modeling (BIM) have received enough attention to establish each of its own profession and other associated activities.
In addition to the attentions focused on information and its management systems, sustainability has long been a main issue of world development and its operation at large (Arnott & Pervan, 2005) . Despite the fact that the main attention seems to be slightly weighted more on to the environmental aspect (Gorsevski et al., 2013) , sustainability is a term containing all of social, economic, and environmental aspects combined.
It means that the gist of the term sustainability and its implementation largely intersects with the making optimized decision in every aspect. Therefore, decision optimization and creating balanced solutions may be the key to sustainable developments.
Decision-making process has been challenged by its "top-down" hierarchy since the 1980s. Participatory democracy, started in the 1980s changed our perception on decisionmaking environment to the "bottom-up" structure (Shen et al., 2012) . This is especially true in the discipline of urban planning as the financial source and decision's impact are largely based on citizens' taxes and their life. In relation to information management and participatory decision-making process, the key may reside on data utilization in the 21 st century. Identifying a case-by-case solution requires enormous amount of information, which now can be named as data 한국BIM학회논문집 6권 3호 (2016) 25 management (McIntosh et al., 2011) . Therefore, acquiring big data and devising data management skills are critical to making sustainable solutions and creating participatory environment.
In this extent, this study illustrates a series of big data implementation cases that can provide a lesson to decisionmaking domain. In specific, case studies analyze how data was used to extract the most optimized solution and what aspects could be helpful in relation to urban decisions. Also, important notions about GIS and its application in various urban cases are examined.
The Rise of Big Data
Beginning in the early 2000s, a large amount of attention has been given to big data and its possible use in the future.
Accordingly, a vast number of publications and media press were released to respond to the given interests. There are various studies and associated results about the definition of big data, and they all posses slightly different notions (Fan et al., 2013) . However, the core of its use remains similar and the following definition best describes big data's core principles.
"Big data is high volume, high velocity, and high variety of information requiring new forms of processing to enable decision-making, insight discovery, and process optimization (Fan & Bifet, 2013, p3) ".
As can be seen, the core values of big data are founded on three Vs -volume, velocity, and variety. It means big data has a large capacity with diverse perspectives, enabling fast process to make optimized solutions and new discovery of unknown facts or unanswered problems. Putting into a simpler word, big data can be identified with its diversity.
Then the question becomes why it is in demand lately.
Recently, terms like smart city, ubiquitous city, and intelligent infrastructure have been raised by many professionals. All the terms imply smarter and more knowledge-based processes for built environments. If we flip those words, then we maybe able to think that our current cities may not be as smart as we expected, and for that reason we have to make our city smarter than the current. This is plausible and perhaps an appropriate way to describe our future.
Fundamentally, however, those terms imply deeper meanings than just smartness. Until the 1990s, when growth is the dominant value for the entire society, especially for developing countries, such as South Korea, China, and so forth, a simple solution that can solve many different tasks was considered a high priority under the name of efficiency (Belton & Stewart, 2002) . Beginning in the 21 st Century, however, more attention was given to the quality of the solutions, and the effectiveness has become more of a virtue. As the society became much more complex than the early 20 th Century and more diversified problems are given to experts, customized and qualified solutions are welcomed. As a result, having diverse inputs from stakeholders and customization of the given problems have become an important aspect of decision-making process. Below two statements would summarize ideas of 21 st Century decision-making process.
-User-oriented participation enables more reliable solutions for complex problems.
-Participation and customization better promote optimization process for a particular circumstance. 
Data Capacity and Possibility
Examples like Gap draws an attention of using dataoriented strategy and its effectiveness, and for this success, many are looking for similar approach to increase its capacity in business as well as research activities. According to SAS, a private firm providing statistical solutions, there are about 2.8 zetabytes of data that we produce as of year 2012.
Considering the fact that one zetabytes is 1 billion terabyte, this is an enormous amount. Among these 2.8 zetabytes, there is an ethical issue involved. With the given raw data, many customized information can be generated and therefore, more optimized and tailored solutions are extracted for a particular problem.
Smart city is a term frequently used in the latest city research works, identifying more efficient and effective use of resources to the residents and to the built environment.
Instead of just providing fact-based data to citizens, smart cities try to suggest an alternatives or other solutions that can solve a particular challenge. For example, if traffic congestion is identified, current navigation systems generally provide where the congestion areas are located (Karacapilidis, 2006) . In smart cities, however, navigations systems try to provide an alternative routes that can avoid congestion and move to lesser congested areas. This can be possible with the information created based on the data gathered above.
It means the success and failure of a smart city implementation may depend on how big data is utilized and how they are processed to create new, useful information.
GIS, Big Data, and Decision-Making
It seems like the amount of data is not an issue in the big data implementation. Rather the problem arouses on the quality of the data we use. In terms of urban issues, the quality depends on the locations of problems. If location information is not associated with the data, then it could be vague and unidentifiable for a particular issue elevated.
Urban problems are spatial in nature, missing geographic information may not provide an effective solution.
In this extent, geographic information systems (GIS) can become a new tool for urban problems, providing location information and spatial solutions. Therefore, relating GIS and big data became a new era for urban planning and city management. Similar notion can be found in Building Information Modeling (BIM). As GIS and BIM are similar in their essential, BIM can play a vital role with big data implementation in facility planning, detailing, management, and constructing.
Once location information is merged with socio-economic data, then the possibilities of use are very wide in urban settings. A good example can be found in logistics. UPS, a worldwide logistics solution firm, created its own navigation system, ORION (Hill et al., 2005) . ORION stands for on-road integration optimization and navigation. Based on cumulative data that UPS has gathered for a long time, UPS has identified frequent accident areas, faster ways to get to the destinations, efficient package distribution and delivery, route optimization, and so forth. Since ORION system initiation, UPS drivers have 
Waves of GIS Implementation in DecisionMaking
GIS has a long history enough to establish its own academic and professional field. Since its initiation, GIS has become an important role in geography areas. The horizon has become much wider recently and other disciplines, such as urban planning, public health, landscape architecture, and architecture are experiencing more possibilities with GIS implementation. In terms of decision-making aid, GIS can be categorized into three waves depending on the level of active usage (Ascough et al., 2002 real-time internet, all the decision-making process was broadcasted to the participants. During the process, GIS was used as a background information and provided useful location and spatial data to assist the participants. GIS was implemented to just describe the current information and to implement the final decision made with other collaborative tools. There were no information database or knowledge-base for future use (Gorevski et al., 2013) . Figure 2 illustrates the final map output with the decision-making process.
The difference between the 1 st wave and the 2 nd wave is on its capability of information storing, retrieving, and eventually management. Unlike the 1 st wave, the 2 nd wave 한국BIM학회논문집 6권 3호 (2016) 29 The last, 3 rd wave of GIS as a decision-making tool does not have a solid theoretical foundation yet. Because of its changing technology, the 3 rd wave still needs to be defined with specific norms. However, the main theme of the 3 rd wave is generally understood as mobility. With the expanding technology, the 3 rd wave of GIS tends to have mobility in its decision-making environment. Using the cloud computing and mobile application on smartphones or tablet PCs, the GIS environment became more flexible and mobile. In the traditional decision-making environment, especially, under the domain of participatory planning, stakeholders had to meet in person and spend long time discussing about the issues. It means the traditional decision-making environment, such as public hearing or design charrette require a physical space that can hold all the stakeholders into the same place.
In addition to the space requirements, this way of meeting demands enormous amount of inputs from technical assistant as well as administrative and professional staffs. In many cases, however, finding a space that can house all the stakeholders and setting up the time when most of the stakeholders could participate become a very difficult task.
Especially, as far as the time is concerned, some people find it difficult to come to the meeting because of their job status or different working hours. In this case, public hearing or design charrette cannot be claimed to represent the entire community's opinion. This is one of the reasons that the ECT took almost 10 years to establish their comprehensive plans.
To overcome the restrictions in physical settings and time allotment, the 3 rd wave is designing its system architecture adjustable to the mobile environment. The Environmental Systems Research Institute (ESRI), the largest supplier of GIS software, provides a cloud storage for all the registered users. This storage can be accessed from all over the world as long as the internet connection is provided (Gorsevski et al., 2012) . It means all the users and analysts do not need to carry their own data for work. All they need is a decent connection to the worldwide web. In addition to this online storage, ESRI also developed a mobile application that works with smartphones and tablet PCs (Demesouka et al., 2013) .
In accordance with the cloud storage and the mobile application, GIS has become extremely flexible in terms of its operation.
In general, GIS requires a heavy specification of computer developed an extension to GIS named after CommunityViz (Rybarczyk & Wu, 2010) . It is a similar scenario planning device that experts have used for a long time. What makes unique about the CommunityViz is that it has a capability to illustrate scenario outputs in 3 dimension. This is a meaningful result because urban problems are generally in a large scale and thus, hard to make it in 3D. Figure 6 shows CommunityViz scenario planning capability with 3D output presentation. In association with the augmented reality that is highly focused in now days, CommunityViz will provide a new era on scenario planning.
Possibilities and Directions
Lately, growing attention is paid to the augmented reality (AR) and virtual reality (VR). Because of a thick layer of cumulated information and wide usage of personal smartphones, diverse possibilities are assessed in AR/VR industry. AR and VR sometimes indicate similar definitions, but they do have distinctions. In many cases, AR is based on reality, meaning that AR gives a virtual experience that is based on reality.
A good example would be the illustration we often see in soccer game in TVs. When a kicker prepares for a freekick, broadcasts often show the distance from the goal keeper and the presentation of this information is based on reality.
On the other hand, VR is completely based on virtual circumstances. A good example could be found in the movie Avatar where VR and reality combines together and the entire story is based on the conflicts between the two. Doing such could greatly enhance the decision-making capability and reduce unknown risks that the future should bear. The government is concentrating this model in four major purposes: 1) virtual simulation; 2) virtual test-bed; 3) decision-making and urban planning; and 4) research and developments (Shen et al., 2012) . Figure 8 shows VS platform.
Conclusions
As can be seen, big data has become a wide utilization with technological improvements. In association with the AR/VR, GIS, and BIM, it could greatly enhance decision-making process, especially for the urban and regional problems. utility and the quality of the data implemented. In this extent, providing more insights on the crossing boarders of big data, BIM, GIS, and AR/VR would be a critical part for decision sciences and urban and architectural studies in the future.
